INTRODUCTION
============

Parkinson disease (PD) is a degenerative disorder of the central nervous system; it was originally described in 1817 by James Parkinson in the classic "Essay on the Shaking Palsy."^[@R1]^ The motor symptoms appear early in the course of the disease, are the main parts of PD, and result from the death of dopamine-generating cells in the substantia nigra,^[@R2]^ a region of the midbrain^[@R3]^; although the cause of this cell death is not well known until now,^[@R4]^ connecting to an abnormal protein that accumulates inside neurons in the substantia nigra was found by Professor Lewy in 1900s and still bears the name of being a "Lewy body."^[@R5]^ Except movement disorders, mild cognitive impairment noted in the early stage of PD is common and increases the risk for dementia.^[@R6]--[@R8]^ Besides, the cognitive impairments subtypes in PD are various, including dementia with Lewy bodies, Parkinson disease dementia (PDD), and dementia of Alzheimer type, which are not rare even, and it is difficult to separate the distinguishing.^[@R9]--[@R13]^ Clinically, the main difference between PDD and Lewy body dementia is a bit arbitrary; cognitive impairment characters in PD patients are different from Alzheimer dementia.^[@R14]^ Altogether, PD with cognitive impairment is multifactorial, in the involving subcortical parts, in the underline pathology,^[@R15],[@R16]^ and in circuits of cortical connection with subcortical neurons.^[@R17]^ Traditionally, it had been thought to be linked to the late stage of PD, but recent evidences suggest that it may appear early in the evolution of PD.^[@R18]--[@R20]^ More evidences suggest that proposed risk for developing dementia in PD is 2 to 6 times greater than the prevalence rate in general population and it increases in relation to disease duration.^[@R11],[@R17]^ To further evaluate the cognitive impairment and diagnosed dementia prevalence of PD in Taiwan, we conducted the population-based case--control studies for retrospectively assessment whether cognitive impairment developed in evolution of PD and risk factors of comorbidity. In our data limitation and study design, we cannot further separate the cognitive impairment subtype. To the best of our knowledge, there are no population-based case--control studies that outline the possible relationship between PD and cognitive impairment in Taiwan. The objective of this study was to investigate the slope trend and risk factors of diagnosed dementia among patients with PD in Taiwan.

METHODS
=======

Data Sources and Study Population
---------------------------------

Since 1995, the Taiwanese government implemented the NHI program, which provides general health insurance coverage to almost the entire Taiwanese population. Until the end of 2009, the insurance program had established contracts with 97% of clinics and hospitals. We performed a case--control study of medical information from the nationwide population-based data released by the National Health Research Institute (NHRI) for the period of 1996 to 2010. With approval from the NHRI, we used the scrambled patient identification numbers to interlink files including outpatient, inpatient claims and the registry of beneficiaries. Available sociodemographic information for study subjects included sex, birth date, occupation, and place of residence. Diagnoses were coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The NHRI encrypts the patients' personal information for privacy protection and provides researchers with anonymous identification numbers associated with the relevant claim information, which includes the patient\'s sex, date of birth, registry of medical services, and medication prescriptions. Patient consent is not required for accessing the National Health Insurance Research Database (NHIRD) or Longitudinal Health Insurance Database (LHID). This study was exempted by the Institutional Review Board of China Medical University in central Taiwan (CMU-REC-101--012).

We used the claims data set of the LHID, which consists of 1,000,000 people randomly selected from all those insured, with claims data abstracted from 1996 to 2010. The NHRI reported no substantial differences in age and sex between the LHID and all insured (http://nhird.nhri.org.tw/en/index.htm). Information on these databases has been presented in the previous articles. Other studies have also demonstrated the accuracy and high validity of diagnoses in the NHIRD.

Study Subjects
--------------

According to case--control study design, we identified patients aged ≥50 years with a newly diagnosed cognitive impairment, cording as dementia (ICD-9 codes 290, 294.1 and 331.0, and 331.82), during the period of 2006 to 2010 as the case group. The index date was defined as the date of cognitive impairment diagnosis. The control group was aged ≥50 years and randomly selected from subjects in the database without cognitive impairment during the same time period and frequency matched with the age (every 5 years) and sex, at a ratio of 1:2. The index date of the control subjects was randomly assigned a month and a day with the same year as the matched cases. Patients with missing information on sex and age were excluded from the study. The interesting risk factor was the history of PD (ICD-9 code 332). Histories of diabetes (ICD-9 code 250), coronary artery disease (CAD) (ICD-9 codes 410--414), hypertension (ICD-9 codes 401--405), hyperlipidemia (ICD-9 code 272), stroke (ICD-9 codes 430--438), and head injury (ICD-9 codes 850--854, 959.01) were identified based on the diagnoses of hospital admissions before the index date.

Besides the age and sex, we also considered the urbanization of the residence and the occupation as demographic factors. The occupation was classified as 3 groups: white collar: the longer indoor work, like institution worker, business worker, and others; blue collar: longer outdoor worker such as those for farmers, industrial laborers, and others; and others: retired, low income, and so on. According to the Liu report,^[@R21]^ we categorized the subjects registered for insurance into 4 levels of urbanization based on the index of incorporating variables indicating population density (people/km^2^), and population ratio of different educational levels, population ratio of elderly, population ratio of people of agriculture workers, and the number of physicians per 100,000 people. The level 1 of the urbanization presented the highest urbanization level and the level 4+ meant lowest levels.

Diagnosed Dementia Coded
------------------------

For those clinical consultation patients who have symptoms of lapses in memory and decline in the ability to talk, read, and write, problems with finding the right words or change mood, change personality, etc, the brain images assist to the evaluation of intracranial insults, and degenerative and vascular events. The serum and blood chemistries examinations served to exclude the metabolic or systemic conditions. Minimental statement examination and Clinical Dementia Rating was used to evaluate and follow up the cognitive function. After complete evaluation, the disease could be coded as the correct conditions as possible, 290, 331, 294, or others according to generalized collected data evidences that fulfill the Diagnostic and Statistical Manual of Mental Disorders IV or Movement Disorder Society different dementia diagnosis criteria. However, from the database, we can see the disease coded but not the disease severity, which may be ranged from mild cognitive impairment, mild dementia to severe dementia. Therefore, the statement we conduct cognitive impairment in this study include different types and severities of dementia.

Statistical Analysis
--------------------

Demographic and clinical characteristic of cognitive impairment patients and control subjects were presented using the total number (percentage) for categorical variables. Differences were examined using the χ^2^ test for categorical variables. The sex-specific, age-specific, and comorbidity-specific odds ratios (ORs) of cognitive impairment were determined using logistic regression.

Logistic regression analyses were used to estimate the OR for cognitive impairment, and the 95% confidence intervals (CIs) among patients with PD were compared with those of non-PD patients. The models were adjustment by age, sex, CAD, diabetes, hypertension, stroke, hyperlipidemia, and head injury. Both crude ORs and multivariable adjusted ORs (aORs) were used to measure the risk for dementia. We used the SAS statistical package (version 9.1; SAS Institute Inc., Cary, NC) for statistical analyses. Statistical significance was defined as 2 sided, *P* \< 0.05.

RESULTS
=======

The case--control study consisted of 6177 cognitive impairment patients and 24,708 noncognitive impairment patients as controls for the period of 2006 to 2010. The distribution of age and sex between cases and controls were similar (Table [1](#T1){ref-type="table"}). Approximately 46.4% of the overall participants were male. Most subjects were \>70 years old (about 79.7%). Urbanization level did not have significant difference. Cases and controls had a quiet different distribution of overall baseline comorbidities (*P* \< 0.0001), such as occupation, hypertension, diabetes, CAD, stroke, hyperlipidemia, and head injury. The blue-collar level had higher prevalence than white-collar group (*P* \< 0.0001).

###### 

Demographic Status and Comorbidity Compared Between Control Group and Cognitive Impairment Group

![](medi-94-e782-g001)

Table [2](#T2){ref-type="table"} presents the OR and aOR of cognitive impairment between patients with PD and without PD according to demographic factors and comorbidity. The crude OR was 3.67 (95% CI 3.32--4.07) risk for cognitive impairment. When we adjusted for age, sex, and other comorbidities, aOR showed that the individual with PD had 3.07 (95% CI 2.76--3.41) risk for dementia, relative to the individual without PD.

###### 

Odds Ratios for Cognitive Impairment in Individual With Parkinson Disease Relative to Without Parkinson Disease
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Table [3](#T3){ref-type="table"} pointed out the comorbidities interaction and estimated OR for diagnosed dementia among different existing morbidities. The estimated OR was adjusted for age, sex, urbanization, and occupation. Whether hypertension existed or not, OR for cognitive impairment among PD patients showed the significant high risk for diagnosed cognitive impairment that were 3.26 (95% CI 2.92--3.65) to 5.38 (95% CI 4.15--6.99) when compared to the non-PD group. Among diabetes patients, OR for diagnosed cognitive impairment also showed significant high risk from 2.83 (95% CI 2.36--3.40) to 4.05 (95% CI 3.58--4.58). In the CAD morbidity, OR for diagnosed cognitive impairment was present as significant high risk from 2.86 (95% CI 2.50--3.28) to 4.70 (95% CI 4.03--5.48). In stroke, OR for diagnosed cognitive impairment was presence as significant high risk from 1.71 (95% CI 1.41--2.08) to 4.27 (95% CI 3.78--4.82). In head injury, OR for diagnosed cognitive impairment was also present as significant high risk from 2.94 (95% CI 2.40--3.60) to 3.74 (95% CI 3.32--4.21). In the hyperlipidemia, OR for cognitive impairment was about 3.48 to 3.74-fold risk, despite without statistical significance.

###### 

Effect of Parkinson Disease to the Cognitive Impairment Under Different Comorbidity Status
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Analyzing the association of time of the PD diagnosed showed that subjects with short diagnosed period within 6 months (0--180 days) had a highest risk for diagnosed cognitive impairment (aOR 11.98, 95% CI 8.51--16.86), the risk for cognitive impairment among participants without PD as reference. Within 1 year, the aOR for diagnosed cognitive impairment (aOR 3.93, 95% CI 2.67--5.78), and within 3 years (365--1095 days), the aOR for diagnosed cognitive impairment (aOR 3.50, 95% CI 2.82--4.34), also demonstrated higher risk for diagnosed cognitive impairment. When the diagnosed time was \>3 years, the aOR for diagnosed cognitive impairment was reduced to 2.20-fold (95% CI 1.92--2.53). The aOR for diagnosed cognitive impairment between with and without PD group among the different diagnosed time of PD showed a reverse gradient.

DISCUSSION
==========

We analyzed a population-based case--control study of PD enrolment in the National Health Insurance Database 2006 to 2010, living in Taiwan. We found that a remarkable result of the diagnosed cognitive impairment of PD were found highest in the first 6 months (aOR 11.98, 95% CI 8.51--16.86) and then decrease the incident year by year; the first year of aOR is 3.93 (95% CI 2.67--5.78), within 3 years is 3.50 (95% CI 2.82--4.34), and \>3 years aOR is 2.20 (95% CI 1.92--2.53) (Table [4](#T4){ref-type="table"}). The education plays an important role in our study; Blue-collar patients (43.7%) have higher prevalence than white collar (31.9%) (*P* \< 0.0001), although the lower education was associated with a greater risk for dementia in many but not all studies.^[@R22]^ From the record, we can understand that early neuropsychological abnormalities are many but easy to unheed in PD previously due to lack of routine clinical test using neurophysiologic markers with cognitive assessment in early disease stages. Therefore, it may be low estimate cognitive impairment in the past studies. The previous systemic review study emphasizes that the exact prevalence of dementia in PD is not clearly known,^[@R10]^ but the current data show that it occurs frequently and has more impact on reduction in quality of live.^[@R17],[@R23]^ However, the diagnosed cognitive impairment in our database cannot clarify the etiologies or subtypes. We can expect to add routine test in early-stage PD of combining neurophysiologic markers with cognitive assessment in PD that can substantially improve dementia risk profiling in PD, providing potential benefits for clinical care as well as for the future development of therapeutic strategies.^[@R24]--[@R27]^
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Association Between Diagnosed Timing of the Parkinson Disease and Cognitive Impairment Risk
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Furthermore, we compare chronic diseases, head injury, and stroke; our studies demonstrate that the most contributed risk factor for diagnosed cognitive impairment is PD per se (OR is 3.67, 95% CI 2.76--3.41), followed by stroke (OR is 2.77, 95% CI 2.59--2.97), hypertension (OR is 1.72, 95% CI 1.61--1.84), diabetes mellitus (OR is 1.46, 95% CI 1.38--1.56), CAD (OR is 1.40, 95% CI 1.32--1.48), and hyperlipidemia (OR is 1.24, 95% CI 1.17--1.32) (Table [2](#T2){ref-type="table"}.). The age and sex are not different in our studies.

Though, we are interested in whether or not the ethnic and genetic contribute to cognitive impairment either, we did not get the information from our database and it need to be explored in future studies.

The prevalence rate of PD with diagnosed cognitive impairment in our data present is 12.1% lower than those with truly dementia published previously and documented by western studies.^[@R11],[@R25],[@R28]^ We consider that it may have underestimation in our database, for estimates are influenced even more by case-finding strategies. Record-based studies and studies done in clinical settings do not include patients who have not met the criteria of clinical diagnosis of dementia, but is often difficult to make meaningful conclusion in PD patients, and thus underestimate the prevalence or incidence of diagnosed cognitive impairment in PD patients.

In addition, the study was subject to some limitations, which must be mentioned. First, the NHIRD does not provide detailed information on patients such as their alcohol consumption, body mass index, physical activity, and socioeconomic status. All of these are possible confounding factors in this study. Second, the evidence derived from a case--control study is generally of a lower methodological quality than that from randomized trials because an observation study design is subject to many biases related to adjustment for confounds. Despite our meticulous study design with adequate control of confounding factors, a key limitation was that bias could still remain because of possible unmeasured or unknown confounders. Third, the registries in NHI claims primarily serve the purpose of administrative billing and do not undergo verification for scientific purposes. We were unable to contact the patients directly to obtain more information because of the anonymity assured by the identification numbers. However, the data that we obtained on the diagnoses of PD and diagnosed dementia were highly reliable. Finally, additional large population-based unbiased randomized trials are required, and it would be essential to confirm our current findings before drawing any firm conclusions.

Abbreviations: aOR = adjusted odds ratio, CI = confidence interval, ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification, LHID = Longitudinal Health Insurance Database, NHIRD = National Health Insurance Research Database, NHRI = National Health Research Institute, PD = Parkinson disease, PDD = Parkinson disease dementia.
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